Ticosonde Observations of Waves In the Tropical Tropopause Layer, 2004-2006
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Introduction

The temporal variability of the deep tropical upper troposphere and lower stratosphere,
or UT/LS, during the northern summer season is, like the troposphere below, dominated
by wave disturbances at synoptic and shorter time scales. This is certainly true in the
ITCZ of the Caribbean/Central American region. Particularly prominent in Figure 1 at
right is a westward-propagating diurnal variation in cold cloudiness which is modulated
on timescales of several days and longer by a complex of eastward moving disturbances.
Some of these disturbances propagate vertically through the Tropical Tropopause Layer
(TTL) and into the stratosphere above where quasi-biennial variations of the zonal wind
profile will affect the rate and depth of the energy propagation.
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Fig. 1: Hovmoaller diagrams for the month of July in 2004, 2005 and 2006 of fractional coverage of GOES-12 brightness temperatures below 235 K
beween 8 and 12 N over the longitude band 60 -110 W. The heavy red line shows the longitudinal location of Juan Santamaria International
Airport, Alajuela, Costa Rica.
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Disturbances propagating through the TTL and into the stratosphere
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Figure 5 shows very regular downward phase propagation through the lower stratosphere and into the TTL,
126 1268 - Indicative of upward propagation of wave disturbances. These are likely related to integrated forcing by convective
P et vapor o] Y el activity over the region (see Figure 1 above.) The dominant frequency is 4-5 days, and there are likely to be both
Kelvin and mixed-Rossby gravity (Yanai) wave contributions.

Zonal Wind

Fig. 2: The entire set of 24 profiles of water vapor mixing ratio and saturation mixing ratio (left)

and ozone measured during the Ticosonde/Aura-TCSP sounding program in July 2005 by a balloon

payload with the University of Colorado cryogenic frostpoint hygrometer (CFH) and an ECC Tem pe ratu e
ozonesonde. The profiles in bold were taken close to midday (18UT) on July 19.

Meridional Wind

Wave-induced cooling at the tropopause and the Quasi-

Biennial Oscillation
2004

The extreme cooling and concomitant dehydration at the tropopause to roughly 3
ppmv on July 19, and similar event on July 11, shown in Figure 2 came about
through the superposition of wave-induced cold anomalies. Figure 3 shows that
Ticosonde/Aura-TCSP soundings in 2005 occurred during a strong easterly period
of the Quasi-Biennial Oscillation while the Ticosonde/NAME measurements In
2004 took place In during weak easterly phase. Ticosonde/Veranillo soundings in
2006 took place as the easterlies were beginning to descend through 30 km.
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Fig. 3: Ticosonde mean winds for (from left) the month of July in 2004, 2005, and 2006. Zonal wind
In green, meridional wind in violet; outer lines define plus/minus 1 standard devation.

2006

Figure 4 plots the mean soundings for the three Ticosonde northern summer
campaigns. While it is noticeably cooler at 50 mb during the strong easterly
period In 2005, the tempeature range of the coldpoints in 2004 is restricted
relative to the other two years. We suggest that the cause of the greater
amplitudes of the coldpoint variations in the latter two years is related to the

stronger shear above the tropopause. Fig. 5: Time-height cross-sections of anomalies of T, U and V between the surface and 25 km for the two-month periods of 6/16-8/31 in 2004 and
2005 and the month of July in 2006.

78762 Time Mean: 2004 0701-0731 78762 Time Mean: 2005 0701-0731
I B \ \ L B B e R

y
/

7

78762 Time Mean: 2006 0701-0731
T \ [ T 1

/i
7
/

IBBIRER
IS

Interannual variability of upward wave propagation and dehydration at the tropopause

Theory suggests that the upward group velocity of wave disturbances could be inhibited for at least some waves by
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x\\\ S N - § \\\ § strong easte_rly shear In thg lower stratosphere, With_ one re_sult being a buildup of wave energy near th_e tropopause.
\\ \\\\ s \\ = The time-height cross-sec_tlons of T, Uand V efmomalle_s IN Flgure_ 5 lend support to this notion, as they indicate that
\ \ - § \\\ i there was r_nor_e_ propagation of wa\{e energy in 2004 into the middle stratosphere compared t(_) 2005 and 200_6. The
R o e e greater variability of temperatures in the latter two years near the tropopause, and the potential for dehydration in
Fig. 4: As in Fig. 3 but for profiles of temperature and dewpoint. Winds plotted at right with barbs in extreme cold events, occurred during the presence of significant easterly shear in the lowermost stratosphere. In this
knots. Individual coldpoint tropopauses are indicated by the black crosses. 2004 data is all Vaisala way the QBQ may indirecﬂy Influence the dehyd ration of the stratosphere_

RS90-AG, 2005 all RS92-SGP and 2006 is roughly 2/3 RS92 and the rest RS80.
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